Objective To evaluate the outcomes of patients with concomitant Brugada syndrome and coronary artery vasospasm. Methods Patients diagnosed with Brugada syndrome with an implantable cardiac defibrillator were retrospectively investigated, and the coexistence of vasospasm was evaluated. The clinical features and outcomes were evaluated, especially in patients with coexistent vasospasm. A provocation test using acetylcholine was performed in patients confirmed to have no organic stenosis on percutaneous coronary angiography to confirm the presence of vasospasm. Implantable cardiac defibrillator shock status was checked every three months. Statistical comparisons of the groups with and without vasospasm were performed. A univariate analysis was also performed, and the odds ratio for the risk of implantable cardiac defibrillator shock was calculated. Patients Thirty-five patients with Brugada syndrome, of whom six had coexistent vasospasm. Results There were no significant differences in the laboratory data, echocardiogram findings, disease, or the history of taking any drugs between patients with and without vasospasm. There were significant differences in the clinical features of Brugada syndrome, i.e. cardiac events such as resuscitation from ventricular fibrillation or appropriate implantable cardiac defibrillator shock. Four patients with vasospasm had cardiac events such as resuscitation from ventricular fibrillation and/or appropriate defibrillator shock; three of them had no cardiac events with calcium channel blocker therapy to prevent vasospasm. The coexistence of vasospasm was a potential risk factor for an appropriate implantable cardiac defibrillator shock (odds ratio: 13.5, confidence interval: 1.572-115.940, p value: 0.035) on a univariate analysis. Conclusion Coronary artery vasospasm could be a risk factor for cardiac events in patients with Brugada syndrome.
Introduction
Brugada syndrome (BrS) is a primary disease that causes sudden cardiac events, and the use of an implantable cardiac defibrillator (ICD) is recommended. Risk stratification for cardiac events has been a major problem. It is widely recognized that a previous history of resuscitation from ventricu-lar fibrillation (VF) is a major risk factor. Other risk factors include male sex, spontaneous type-1 pattern on electrocardiogram (ECG), family history of BrS, previous history of VF induced by ventricular stimulation during electrophysiological study (EPS), late potential measured by signalaveraged electrocardiography, and atrial fibrillation, but no consensus has been reached with regard to these factors (1) (2) (3) (4) (5) (6) .
Attacks of BrS tend to occur during the period from night to early morning. Coronary artery vasospasm (spasm) has similar clinical features (7) (8) (9) (10) (11) . Recently, several reports have described the coexistence of BrS and spasm (12) (13) (14) (15) (16) . The coexistence of spasm may affect the outcomes of BrS patients. The outcomes of patients with concomitant BrS and spasm were evaluated.
Materials and Methods
Patients diagnosed with BrS in our hospital were retrospectively investigated. Patients with an ICD were selected, and the coexistence of spasm was evaluated. In patients with coexistent spasm in particular, the clinical features and outcomes were evaluated.
Definition of BrS
BrS was defined as follows: 1) BrS was diagnosed in patients with ST-segment elevation with type I morphology ! 2 mm in ! 1 lead among the right precordial leads V1 and V2 positioned in the 2nd, 3rd, or 4th intercostal space occurring either spontaneously or after a provocative drug test with intravenous administration of Class I (pilsicainide 1 mg/kg) antiarrhythmic drugs; 2) BrS was diagnosed in patients with type 2 or type 3 ST-segment elevation in ! 1 lead among the right precordial leads V1 and V2 positioned in the 2nd, 3rd, or 4th intercostal space when a provocative drug test with intravenous administration of Class I (pilsicainide 1 mg/kg) antiarrhythmic drugs induced a type I ECG morphology. The following components were considered: a history of resuscitation from VF, unexplained syncope, a family history of BrS, and VF induced by up to three premature ventricular stimulations at the right ventricular apex or right ventricular outflow tract during EPS (17) (18) (19) (20) .
Definition of spasm
A provocation test using acetylcholine (ACh) was performed in patients who had been confirmed to have no organic stenosis by percutaneous coronary angiography. A total of 20 μg, 50 μg, and 100 μg ACh were administered in the left coronary artery (LCA), and 20 μg and 50 μg ACh were administered in the right coronary artery (RCA), sequentially, each over 20 seconds. Angiography was obtained one minute after the completion of administration (21) . The TIMI classification was used to evaluate the coronary flow (22) . Patients with TIMI flow 0 or 1 on angiography, ST change in the supplying territory of the abnormal coronary artery, and/or angina symptoms were diagnosed as positive for spasm (23) (24) (25) (26) .
Evaluation methods for ICD shock
The status of ICD shock was checked every 3 months. When any shocks were noted, the intracardiac ECG recorded by ICD was thoroughly evaluated for signs of inappropriate shock, such as sinus tachycardia, atrial fibrillation, and T-wave oversensing.
In this investigation, informed consent was obtained from all of the patients, and the study protocol conformed to the ethical guidelines of the Declaration of Helsinki. This study was reviewed and approved by the Yokohama General Hospital Ethics Committee.
Statistical methods
Statistical comparisons of the two groups were performed using Student's t-test for continuous variables and the chisquared test (Fisher's exact test) for non-continuous variables. A univariate analysis was performed, and the odds ratio was calculated for the risk of ICD shock. A p value of < 0.05 was considered significant in all tests.
Results
There were 35 patients with BrS; 6 had coexistent spasm. The patients' characteristics are shown in Table 1 . There were no significant differences in laboratory data, echocardiogram findings, disease, and the history of taking any drugs between patients with and without spasm. There were, however, significant differences in the clinical features of BrS, i.e. cardiac event such as resuscitation from VF or appropriate ICD shock.
The details of the six patients with coexistent spasm are shown in Table 2 . All six were men. Four patients had a defined cardiac event, and the same four patients had spasm in the RCA. All six patients were treated with a calcium channel blocker (CCB) to prevent spasm. Only Case 2 had a recurrent cardiac event (relapse of appropriate ICD shock after taking the CCB). The risk factors for an appropriate ICD shock were analyzed using a univariate analysis ( Table 3 ). The coexistence of spasm was a potential risk factor (odds ratio [OR]: 13.5, 95% confidence interval [CI]: 1.572-115.940, p value: 0.035).
The precordial leads on ECG and the clinical information of five patients with coexistent spasm in the RCA (Cases 1-5) are presented.
Case 1 is illustrated in Fig. 1 . A 29-year-old healthy man experienced VF during a morning conference. He had spontaneous type-1 ECG change, inducibility of VF during EPS, and spasm in the RCA. The marked type-1 pattern on ECG manifested during provocation with pilsicainide and when RCA spasm appeared. There was concern that BrS or spasm might have contributed to the VF, so an ICD was implanted, and a CCB was prescribed. The patient had no further episodes of VF or ICD shocks.
Case 2 is illustrated in Fig. 2 . A 33-year-old healthy man experienced VF during sleep. He had a normal ECG, no inducibility of VF during EPS, and spasm in the RCA. The marked type-1 pattern manifested only after provocation with pilsicainide. There was concern that BrS might have contributed to the occurrence of VF, so an ICD was implanted. He experienced an appropriate ICD shock for a relapse of VF after 10 months. There was concern about spasm, and a CCB was prescribed. However, he had an episode of ICD shock for a relapse of VF despite taking a CCB.
Case 3 is illustrated in Fig. 3 . A 34-year-old healthy man experienced VF during sleep. He had BrS-like ECG change, no inducibility of VF during EPS, and spasm in the RCA. The marked type-1 pattern manifested after provocation with pilsicainide and when RCA spasm appeared. There was concern that BrS or spasm might have contributed to the VF, so an ICD was implanted, and a CCB was prescribed. However, the patient stopped taking the CCB after 14 months. After 18 months, he had an episode of ICD shock for a relapse of VF. He is now taking the CCB regularly, and there have been no episodes of VF relapse or ICD shock.
Case 4 is illustrated in Fig. 4 . A 35-year-old healthy man experienced 3 episodes of syncope of unknown origin. He had BrS-like ECG change, inducibility of VF during EPS, and spasm in the RCA. The marked type-1 pattern manifested only after provocation with pilsicainide. As requested, an ICD was implanted, and a CCB was prescribed. The patient has had no further episodes of syncope or VF or ICD shocks.
Case 5 is illustrated in Fig. 5 . A 35-year-old healthy man had a family history of BrS; his father and brother were diagnosed with BrS. He also had inducibility of VF during EPS and spasm in the RCA. The marked type-1 pattern manifested after provocation with pilsicainide and when RCA spasm appeared. As requested, an ICD was implanted. After 38 months, he experienced an ICD shock for VF. There was concern that spasm might have contributed to the occurrence of VF, so a CCB was prescribed. The patient then had no further episodes of VF or appropriate ICD shocks.
In addition, these five patients had no remarkable changes on ECG, such as marked type-1 pattern on ECG and bradycardia, after starting CCB treatment. 
Discussion
Many BrS patients with coexistent RCA spasm had cardiac events such as resuscitation from VF and/or appropriate ICD shock. Cases 1, 3, and 5 were very remarkable. These three cases had the marked type-1 pattern on ECG not only after provocation with pilsicainide but also during spastic change, i.e. ischemic change in the RCA. These three cases also had no cardiac events after taking a CCB for spasm prevention.
The RCA is known to be a feeding vessel for the right ventricular outflow tract (27) . Ischemic change in the RCA will cause imbalance in the right ventricular outflow tract. It has been reported that the mechanism of formation of the type-1 pattern on ECG and initiation of VF are related to imbalanced endocardial and epicardial action potentials in the right ventricular outflow tract (28) (29) (30) . RCA spasm can cause ischemic change and an imbalance of action potentials in the right ventricular outflow tract. Cases 1, 3, and 5 had the marked type-1 pattern on ECG during spastic change in the RCA, and this phenomenon evoked an imbalance in the right ventricular outflow tract. Once RCA spasm occurs in BrS patients, it may contribute to cardiac events. We emphasize that the etiology of cardiac events is not only RCA spasm. One BrS patient developed a cardiac event despite taking a CCB for prevention of spasm, as shown in Case 2. There was also a BrS patient who developed a cardiac event without spasm. CCBs should not be prescribed to all BrS patients with spasm. It has been reported that currents related to calcium may be attenuated by CCBs, which may lead to worsening of the clinical condition of BrS patients (31) . Accordingly, the usefulness of CCB therapy cannot be determined based on the results of the present investigation alone, and further investigations are warranted. We prescribed a CCB to patients in whom the involvement of spasm was strongly suspected. At present, the use of CCBs should be carefully decided on a case-by-case basis.
The rate of coexistence of BrS and spasm has been discussed previously, and it was found in 17% of the present cases. This rate does not seem markedly different from those in previous reports in Japan, but it might be higher than in Caucasian populations (32) ; it is widely known that Japanese patients have a higher rate of coronary artery disease than Caucasian patients (33) . Regardless of the presence or absence of BrS, the rate probably differs among ethnic groups.
Several limitations associated with the present study warrant mention. First, and most importantly, we were unable to distinguish whether the cause of the cardiac events was spasm or BrS. It is difficult to resolve this problem using the interrogated data of an ICD. Even if spasm is suspected as the cause of VF, it is difficult to remove the ICD from patients meeting the criteria for BrS. Spasm in the present study was not spontaneous, but artificially induced. The effect needs to be investigated over the long term. Second, BrS is not a common disease. The study population was very small, and the number of patients with coexistent spasm was much smaller. Only a univariate analysis could be performed. Finally, atrial fibrillation and late potentials, which are also reported as risk factors for sudden cardiac events, were not evaluated.
In our view, spasm is not the only etiology of cardiac events in BrS. It would therefore be rash to say that spasm is a risk factor for cardiac events in BrS. Further study is needed in order to draw hard conclusions about the relationship between BrS and spasm. However, we should at least recognize that spasm could be a potential risk factor for cardiac events in BrS.
The authors state that they have no Conflict of Interest (COI).

